ABSTRACT
Introduction
The conditioning is of primary importance in determining milling performance. Correct tempering is essential to ensure maximum milling efficiency and optimum performance in the final product.
Conditioning refers to the controlled addition of moisture and retained for a certain length of time. The main objective is to facilitate the physical separation of germ from the maize kernel to obtain an endosperm-rich low fat meal (2, 10) .
The extent and frequency of tempering depends on the initial moisture content, the desired specifications of the milled products and others (1, 3) .
Conventional tempering of the past failed to provide adequately uniform mixing of grain and water (4, 8) . Thus, it was difficult to add more than 3% water in one step, as excess surface moisture then interfered with the flow of grain through the hopper outlet. Moreover, as moisture distribution itself was not uniform, a longer-than-necessary tempering time was required to ensure both adequate moisture penetration within kernels and adequate moisture uniformity among kernels.
Conditioning improves the quality of milled corn grits. Part of the proteins (albumins) goes to the water-soluble condition thereby increasing the nutritional values of corn grits (11) . Milling research encompasses a broad spectrum of topics. Tempering, or conditioning, continues to be a popular research topic. One of the methods used for conditioning is heating by a high-frequency current. Many authors' opinion of this heating process is that the high-frequency current has a concentrating property. In small volumes this concentrated electromagnetic energy of the high-frequency current transformed into heat will temper the grain faster to the set temperature. The heating intensity is based on the fact that the phase transformation rate inside the substance exceeds the transference rate of the substances. The high stress occurring inside the material leads to grain structure transformation, a decrease in grain density and lower production costs (9) .
High-frequency heating is widely used in many areas of industry: for heating fruits and potatoes, for drying grits, for studying the high-frequency current effect on wheat properties during drying, for baking bread products, for activating some enzymes, for The purpose of this work was: 1. to examine the kinetics of water absorption of corn during tempering with dielectric heating; 2. to investigate the moisture distribution between the corn kernel endosperm and germ during conditioning with dielectric heating; 3. to investigate the water penetration rate into corn during conditioning
Materials and Methods
The experiments were carried out with Bulgarian local corn hybrids: Kn-423, 530, 611, and 625. Each experiment was repeated and the data was averaged. After heating up to 60÷70 ºC (1÷2 min) in a microwave oven, the sample (0.5 kg) was tempered by adding water to 16.0% moisture and retained in a bin for 4 hours. About 50 g of corn kernels were removed from the sample at definite time intervals (0, 15, 30, 45, 60, 90, 120, 180 and 240 min.). The germ was separated from the endosperm with a scalpel for 5 minutes and the two fractions were put into plastic test tubes and weighed using an electronic scale with 0.001g sensitivity. The moisture values were obtained by heating a 5-g ground sample at 130ºC for 1 hour using the airoven method. The surface moisture values were measured with a Karl Weiss electric moisture meter.
The test weight per hectoliter (kilograms per hectoliter) and the kernel weight (grams per 1,000 kernels) were determined according to the standards.
Density determinations were made with a pycnometer. Approximately 50 cm 3 of whole sound corn kernels were manually selected and weighed to within 1 mg. The volume of each sample was then measured with a pycnometer. Density was calculated after dividing the weight by the volume.
Results and Discussion
Some of physical characteristics of the corn samples used are shown in Table. Moisture distribution during tempering The samples were tempered for 4 hours. This tempering time allowed adequate moisture penetration. Figures 1 and 2 show the moisture distribution during tempering. The surface moisture content decreased smoothly in time for all hybrids except the Kn-423 hybrid. The germ moisture content for the Kn-423 hybrid ( Fig. 1) increased significantly during the first 1 hour: from 12.3% to 16.0%. After 60 min the moisture varied by 1.0%. The endosperm moisture content increased constantly and smoothly and at the 120 th min the value reached its maximum of 16.0%. The same trend was observed with the Kn-625 hybrid. The germ moisture content for the Kn-611 hybrid (Fig. 2) increased most significantly throughout the first 30 min and varied by 3.0%, then by 1.0% (30÷120 min) and up to the 240 th min reached a value of 16.2%. The endosperm moisture content also increased most considerably during the first 45 min varying by 2.9%, then at the 180 th min reached its maximum of 16.0%. The trend was similar for the Kn- smoothly throughout the conditioning process and varied within 2.5% ÷ 3.2%. The germ reached its maximum moisture content values within 1÷ 2 hr.
Water penetration rate during tempering
The surface moisture penetrated at the highest rate during the first 60 min for all hybrids and we could explain that with the rapid entry of water into the micro-and macro-capillaries of the grain pericarp. After 60 min., when most of the water had penetrated, the entry rate decreased. For the Kn-423 hybrid (Fig. 3 ) the surface moisture penetrated at the highest rate until the 60 th min, after that (60÷120 min) the water penetrated into the kernel at an almost even rate. After 120 min the rate decreased. Water penetrated into the germ and the endosperm at the highest rate in the first 90 min. The water penetration rate into the germ was higher, which could be explained by the fact that the largest amount of water penetrated first into the germ and then from the germ to the endosperm. After that both rates decreased constantly between the 90 th and 150 th min, and after the 150 th min the rates were almost constant. The trend was similar for the Kn-625 hybrid. Fig. 4 shows the water penetration rate of the Kn-611hybrid. The surface moisture penetrated into the kernel at the highest rate in the first 120 min as the germ soaked the most part of the water, then in the 120÷180 min. interval the water penetrated at a constant rate and after the 180 th min. the rate decreased. The water penetrated into the germ at the highest rate until the 120 th min, then from the 120 th to the 180 th min the water penetration rate into the germ decreased and after the 180 th min. the rate was almost constant. The water penetrated into the endosperm at the highest rate in the first 75 min., then from the 75 th to the 150 th min. the rate decreased and after the 150 th min. the rate increased insignificantly and we could explain that with internal migration. A similar trend was observed with the Kn-530 hybrid.
The results showed that water penetrated into the kernel at different rates and three penetration phases could be separated: first phase (0÷60 min.): the water penetrated at the highest rate; second phase (60÷120 min.): the rate decreased in time; third phase (120÷240 min.): the water penetrated at a low and constant rate.
